California Energy Commission

Panel Moderator: Mike Petouhoff, Manager, Energy Systems Research Office, ERDD

Introduction of EPIC Initiative: The Role of Green Hydrogen in a Decarbonized CA- A Roadmap and Strategic Plan

Panel: National and International Applications



Data Gathering

H2 Roadmap

Green H2
Generation

Distribution &

Storage Technology

Some
Priority End Uses

A Staff Collaboration
A Prior CEC
Research
A Information
Sharing and
Working Groups
A Denmark
A Germany
A Finland
A In State
Collaboration
A Workshops
A EPIC- July 1
A IEPR- July 28



Data Gathering

H2 Roadmayp

Green H2
Generation

Distribution &
Storage Technology

Some
Priority End Uses

A Staff Collaboration A Current Tech

A Prior CEC
Research
A Information
Sharing and
Working Groups
A Denmark
A Germany
A Finland
A In State
Collaboration
A Workshops
A EPIC- July1
A |IEPR- July 28

AAlkaline

AProton-exchange
membrane (PEM)

A Solid oxide
APhoton-based

A Emerging Tech
ASalt water
ANon-water Electrolytes



H2 Roadmap

Some
Priority End Uses

Data Gathering ggﬁgpa?c?n Stoggten'l?'ggﬁﬂo%ogy
A Staff Collaboration A Current Tech Technology Options
A Prior CEC AAlkaline AGaseous in Tanks
A E?;ﬁig;:;n AProton-exchange AT‘_Jbe_TrUCkS
Sharing and membrane (PEM) APlpellngs
Working Groups A Solid oxide AGeologic Storage
A Denmark APhoton-based Other Forms of H2
A geman A
A In Stalte A Emerging Tech Agr;rgr?rgi?HS
Collaboration ASalt water
A W,grkESSE:p.SJuIy . ANon-water Electrolytes A Eco System Examples
A IEPR- July 28 AlLand Base PV-H2

AOffshore Wind - H2



H2 Roadmap

Some

Generation Storage Technology Priority End Uses

Data Gathering Green H2 Distribution &
A Staff Collaboration A Current Tech Technology Options
A Prior CEC AAlkaline AGaseous in Tanks
A E?;ﬁig;:;n AProton-exchange AT‘_Jbe_TrUCkS
Sharing and membrane (PEM) APlpellngs
Working Groups ASolid oxide AGeologic Storage
A Denmark APhoton-based Other Forms of H2
A Germany ALiquid H2
A Finland AAmmonia NH3
A In State A Emerging Tech AGreen CH4

Collaboration
A Workshops
A EPIC- July 1
A IEPR- July 28

A Salt water

ANon-water Electrolytes A Eco System Examples
AlLand Base PV-H2
AOffshore Wind - H2

A Electric generation
and storage

AFirm Dispatchable
Decarbonized
Generation

A Transportation (FCV)

A Hard to electrify applications
(ex. high-heatindustrial)



H2 Roadmap Approach

Keeping hydrogenodos role i n focus

AEstablish a hydrogen (H2) roadmap
with ongoing updates

AFollow on research and
demonstration projects will focus on
data gaps

ANext updates will reflect research
and industry progress milestones




Hydrogen Classifications

Hydrogen (H,) is classified by color into three types according to the feedstock used and method
of H, production: gray, blue, and green.

h - A Gray hydrogen is produced from fossil fuel feedstocks without carbon capture at the point of production.
A Gray hydrogen accounts for more than 95% of global hydrogen productiontoday.
Gra
Hydrogen
T » A Bluehydrogenis produced from fossil fuel feedstocks with carbon capture at the point of production.
C’; A Bluehydrogen exhibits significant potential in reducing emissions in end-use segments in the near term.
Blue
Hydrogen
Green hydrogen encompasses multiple carbon-neutral production pathways:
A Electrolytic hydrogen or power-to-gas (P2G), is the conversion of electrical power into a gaseous energy
» carrier, such as hydrogen or methane, using an electrolyzer. When powered with renewable electricity, P2G s a
green hydrogensource.
Green A Other green hydrogen generation pathways exist, including biogas reforming and artificial photosynthesis.
Hydrogen




Key Driver: H2 for Grid Reliablity

ASB10 Scenarios show up to 15 GW of Firm Dispatchable
Generation May be needed (p13) 1T Trade offs with Long
Duration Storage

AModel Il ing included opt
and nStudyo (no e€ew 0On ¢
Il ncrement al cost of 0 N (

option of $8Billion/Year

AH2 Generation may have less land use
Impacts than other sources




Why H ,? Long Duration Storage Medium

Hy d r o wyalue asa storage medium is derived from its ability to be cost-effectively stored for long
durations relative to other current storage technologies such as Lithium lon and Pumped Hydro

Figure 65. Levelised costs of storage as a function of discharge duration
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Motes: PHES = pumped-hydro energy storage; CAES = compressed air energy storage; Li-lon = lithivm-ion battery. Compressed
hydrogen storage refers to compressed gaseous storage in salt caverns, ammonia storage to storage in tanks.
Source: |[EA 2015. All rights reserved.



&4 Green H2 Ecosystem examples

The modular Hub-and-Spoke
concept is a technically feas
solution that can adapt to
specific design requireme
The consortium is we c
develop, build and operate Hu
and-Spoke projects.
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CALand Based PV + H2 CA Land Offshore Wind + H2 Example: North Sea

Wind + H2
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Input costs dominate the
electrolysis
Note the difference when ¢/kWh costs drop from 7¢ to 3¢.

Relevant to

A Curtailed Clean PV or Wind

A Optimizing Purpose Built PV
or Wind

PEMEC Example

The costof electricity is the top (light blue) section of
each stacked bar

A The two bars onthe left are for distributed H,

A The two bars on the right are for centrally produced
H,
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